We originally proposed and experimentally demonstrated the targeted-light delivery capability of so-called Wave-guided Optical Waveguides (WOWs) three years ago. As these WOWs are maneuvered in 3D space, it is important to maintain efficient light coupling through their integrated waveguide structures. In this work we demonstrate the use of real-time diffractive techniques to create focal spots that can dynamically track and couple to the WOWs during operation in a volume. This is done by using a phase-only spatial light modulator to encode the needed diffractive phase patterns to generate a plurality of dynamic coupling spots. In addition, we include our proprietary GPC Light Shaper before the diffractive setup to efficiently illuminate the rectangular shaped spatial light modulator by a Gaussian laser beam. The method is initially tested for a single WOW and we have experimentally demonstrated dynamic tracking and coupling for both lateral and axial displacements of the WOWs. The ability to switch from on-demand to continuous addressing with efficient illumination leverages our WOWs for potential applications in near-field stimulation and nonlinear optics at small scales.
INTRODUCTION
Trapping and manipulation using light has progressed from a single tightly focused beam on a bead to orchestrated movements of multiple objects or even advanced multi-handled micro-tools 1, 2 . Trapped objects are no longer restricted to a simple polystyrene bead but now extend to advanced and structured objects that can be readily fabricated using twophoton fabrication (2PP) 3 . Using 2PP fabrication allows full 3D flexibility in the design of desired structures so that a variety of forms and tasks can be carried out. An example is the optically-actuated surface scanning probe for investigating surface topography 4 . Instead of tightly focused traps, more softly focussed counter-propagating (CP) beams can also be used in multi-beam trapping. We have demonstrated this using polystyrene beads 5 and also with fabricated extended objects that were used for demonstrating real-time optical microassembly 6, 7 . The main advantage of using CP beams is the use of low-NA objective lenses to relay the trapping beams to the sample volume. The large working distance of low-NA objectives allows the possibility of adding side-view imaging of the sample as we have previously integrated on our proprietary Biophotonics Workstation (BWS) 8 . In our recent work, we have fabricated free-floating waveguides that can be real-time optically manipulated in a volume coined Wave-guided Optical Waveguides (WOWs) 9 . The WOWs can serve as structure-mediated tools for redirecting light 10 and for accessing targeted light delivery in difficult geometries. To allow dynamic coupling of light through the WOWs, we have added a diffractive setup that can independently modulate the coupling beams on our BWS 11 . Here, further improvements have been integrated by adding object tracking routines that allow real-time coupling to the WOWs while they are real-time manipulated in a volume. This leverages the capabilities of the WOWs for potential applications in near-field photo-stimulation and nonlinear optics at small scales. We applied a (cf. Fig. 4 Figure 6 . Dyn ion. 
CONCLUSIONS
This work experimentally demonstrate dynamic and reconfigurable coupling of green laser light to so-called Waveguided Optical Waveguides (WOWs) by using an advanced real-time object tracking algorithm. The ability to switch between on-demand and continuous coupling offers a versatile approach for the WOWs for potential applications in near-field photo-stimulation and nonlinear optics at small scales. The addition of a proprietary GPC Light Shaper in the SLM-based diffractive setup allows efficient formation of high intensity light spot patterns that are desirable when addressing a plurality of real-time manipulated WOWs in a volume.
